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INTRODUCTIOH :
This is tile final report describing the research effort supported _
under Task Order Contract [_ASr-54(01). This research _as directed i_
toward the research and development of rocket probe techniques to
measure the temperature, pressure and density of the earth's atmo- _:
sphere. Tile effort was divided into three tasks, namely: :
%
i. Analysis of data from nine (9) IGY rocket flights.
2. Collection and analysis of Pitot-Static pressure _
data from three (3) rocket probe flights at altitudes _
between 40 and 140 kilometers.
3. Collection and analysis of data from pressure gages
and an electron temperature probe in a separable
package at an altitude of approximately 250 kilometers.
The results of the three efforts will be discussed separately, i.,,
TASK I. IGY DATA i
The analysis of the IGY rocket data was completed and an inter-
pretation of these results uas published in the Journal 9 f Geophysical i
Re se arch :_
References :
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TASK If. PITOT-STATIC DEVELOPMENT
As a result of the IGY program data, described under Task I of
this report, a need was apparent for the development of an improved
"l--
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measurement system to be used on sounding rockets. _hepressure
[effort under this task was directed toward such a development of a
Pitot-Static probe similar to that described by Ainsworth, Fox and
La Gow (1961); however, different in that it would utilize radio-
active ionization gauges, rather than diaphragm gauges, for the
transducers. The radioactive ionization gauges _ere to be improved
versions of those described by Spencer and Doggess (1959) 0 The
improved versions are called Densatrons, a single "black box" which
includes an ionization gauge, a multi-range linear electrometer
amplifier, and all required power conversion for gauge operation°
•.,_ result of this effort was a Pitot-Static probe design
shown in Figure l. The probe contains three Densatron units, one
for 3n impact or pitot pressure measurement, one for the ambient or
static pressure measurement within a manifolded chamber with ten
orifices symetrically located about the axis of the probe, and
one for measuring the roll modulated pressure on the side of the
tube for atmospheric wind determination. Other instrumentation
included a magnetometer and optical sun-earth aspect sensor for
aspect determination, the TM transmitter and a DOVAP transponder.
Two such payloads were launched under the contract. NASA 14.19
was launched on June 6, 1962! NASA 14.20 was launched on December I,
1962, both at ?lallops Island, Va. The data from these flights are
presented in Figures 2 through 7 and tables 1 and 2.
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,,_.L_.,._ !_?SSUZ{E, TI':IFf.IDATURE,AHD DENSITY
OVER WALLOPS ISLAND, VIRCINIA
UNIV. OF _IIC., PITOT-3TATIC PROBE
LqASA 14.19
6 June, 1962
q
23z40:00 Z
Geometric Altitude _.nbient Pressure Ambient Density Ambient TemPerature
(:',::.) (:':'.mII.':j) ,,. - 3 ...........- -, glm ) (o::)
31 _.46 x i00 1.90 x i0 -2 206.7
32 7.20 1.54 217.2
33 6.19 1,27 226.4
34 5.35 1.06 x 10 -2 234.5
35 4.64 8.93 x 10 -3 241.2
36 4.04 7.61 246.7
37 _, 32 6.50 252,0
L_ 3. r_ 5.59 256.3
3u -.70 4.85 259.0
40 2.37 4.20 262.3
41 2.39 3.66 264.7
42 i. 84 3.19 267.3
43 1.62 2.78 271,0
44 t. 43 2.43 273.9
45 1.26 2.14 274,6
46 1.12 X I00 1.90 272.5
47 9.3u X i0 -I 1.68 272.5.
48 8.71 1.49 271.4
49 7.69 1.32 270,6
50 6.79 1,18 267,2
51 5._U 1.04 X 10 -3 267,3
52 5.28 9.26 X 10 -4 264,7
53 4._4 8.27 260,6
54 4.07 7, 33 257.8
55 3._7 6.47 256,1
56 3.12 5.71 254,3
$7 2.74 5. Ol 253, 7
58 2.40 4,42 251,8
59 2.10 3,89 250,i
60 1.83 3,42 248.8
61 i. 60 3. O0 248.2
62 i. 40 2.68 242.3
63 1,22 2.36 239.5
64 1.06 x IO"I 2.09 234.9
65 9.16 x 10 -2 1.85 229,8
66 7,91 1.62 226,7
67 6.81 x 10 -2 1.42 x I0 "4 222,8
• _,_ : ;:" -.:_.:=..,. :,::_,,_.:..:,:<.::,_..__:,L:i:_,_._
_........... .-. -:,......._,0........- ......._ _---'_:,'eV:_.,.'Wlb,_--._-6-:_-,;__'__
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14, 19 Continued
Geometric Altitude Amlaielit. ir_:ssure A._bient .....Density ._sbient Temperature
! Cp,m )----- ¢"
68 5.85 x i0 -2 1.25 x 10 -4 217,3
69 4.99 i. I0 x 10 -4 210.8
70 4.24 9.59 x 10 -5 205,6
71 3, 5_ 8.34 2 00,1
72 3.04 7.20 195.9
73 2,56 6.17 192.4
74 2,i4 5.31 187,5
75 i. 79 4.49 185, 3
76 1.50 3.71 197,2
77 ]. 27 3.04 194.6
78 l. J7 x I0 _ 2.57 19"4.7
79 9.01 X 10 -3 2.20 190.2
80 7.55 i. _8 l_C, 6
81 6.30 I. 60 IR3,0
82 3.25 1.34 182.0
83 4.38 1.12 x 10 -5 181,4
84 3.64 9.29 x 10 -6 182.1
85 3.04 7.72 182,8
86 2.53 6.50 1110,8
87 2. I0 5.51 17(,.8
88 1.73 4._ 171.4
89 1.42 3.94 166.9
90 i.16 x 10 -3 3.32 161.9
91 9.35 x 10 -4 2.75 157,9
92 7.3,_ 2.26 155.4
93 6.99 I. 85 152.9
94 4.3S x 1O "4 1.49 x iJ -6 152,0
0
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TEMPERATUREvs.ALTITUDE
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AMBIENT P_{ESSUREp TEMPEI_ATURE, AND DENSITY
OVE_ WALLOPS ISLAND, VIRGINIA
UNIV. OF '¢ICH., PITOT-STATIC PL{OL']:
_4ASA 14.20
i Dec., 1962
20:34:00 Z
Geometric Altitude ;_mbient..Pressure Ambient...... Density Ambient Temperature
(F_l.) (ram l|g) (Kg/m 3) (°K)
33 4._.3 x i00 1.05 x 10 -2 200.5
34 3._4 . 8.45 x 10 -3 211.0
35 3.31 : . 6.24 246.5
36 2.90 5.23 257.3
37 2.54 _ 4.81 244.3
38 2.20 _. 4.41 231.7
39 1.90 3.84 22_.7
40 1.(,4 3.29 231.4
41 1.42 2.78 237.1
42 i.23 2.34 244.7
43 1.0_ x i00- 1.93 259.9
44 9.50 x i0 -I 1.64 269.1
45 8.39 i. 43 272.
46 7.41 1.27 270._
47 6.54 1.13 268.7
48 5.76 1.01 x 10 -3 265.0
49 5.07 9.@3 x 10 -4 2b0.8
50 4.45 8.00 258.5
51 3.91 7.02 258.7
52 3.43 6.11 2bl.0
53 3.02 5.28 265.3
54 2.66 4.59 268.8
55 2.35 4.03 270.4
56 2.07 3.54 271.7
57 1.83 3.13 271.2
58 i._2 2.77 271.0
59 1.42 2.49 265.8
60 1.25 2.21 263.6
61 I.I0 X I0 "I 1.97 260.1
62 9.68 X 13 -2 1.75 257.0
63 8.50 I. 54 256.3
64 7.46 I. 36 254.8
65 6.53 1.22 248.7
66 5.71 1.08 X 13 "4 245.5
67 4.9_ 9.50 X I0"_5 243.6
68 4.34 X 10 -2 8,23 X i0 5 245.2
#
m m mmm mmmm mm im immm mm m mm-mmm mmmmmmm mm mmmmm m mmm mm
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14.20 Continued
t
c_or_etric Altitude Ar_ient i;ressure Ani_ient oensit_ Ambient Temperatur e
69 3,30 x 10 -2 7.11 x 10 -5 247.9
70 3,32 6o12 251.9
71 2.91 5.35 252.2
72 2.54 4.67 253.U
73 2.23 4.09 253,0
74 1,95 3.61 251.4
75 1.71 3.22 246.4
76 1.49 2,92 236.4
77 1.28 2.61 228.5
78 i.ii x 10 -2 2.28 226.3
79 9.59 x 10 -3 1.95 22_.4 °_
80 8.29 1,67 230.4
81 7.18 1.42 234.8
82 6.24 1,2u 241.6
83 5.45 io03 x lu -5 245.6
84 4.76 8,88 x 10 -6 249.1
85 4.17 7.81 248.1
86 3.64 6,89 245.7
87 3.18 6o07 243,1
88 2.76 5,37 23'J.2
89 2.41 4.73 236,3
90 2,09 4,16 233.0
91 1.81 3.67 228.8
92 i. 56 3,22 225.6
93 1.35 2.84 220.5
94 l. lb x 10 -3 2.49 216.0
95 9._2 x l0 -4 2,17 212.4
96 8.48 1.86 211._
97 7,26 1.60 210.6
98 6,18 I, 37 209,7
99 5.2o 1,17 208,9
i00 4.49 1,0O x 10 -6 208,4
101 3.82 8.54 x 10 -7 208.0
102 3,26 7,33 206,6
103 2,78 6.21 207.8
104 2.37 5, 19 212,5
105 2.04 4.33 218.3
106 1.75 3.60 226,2
107 1,51 x i_ -4 3.09 x 10 -7 227.6
mm_mmm m mm wm mmmm | n n • • m mm mm • mum • • mm _ mm mm mm
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TASK III. 13" _,_,_ -,:_r,_T,,_-,m
The Space Physics Posearch Laboratory has been engaged in the
development o_ an ejectable self-contained payload to measure the
physical parameters of both the neutral and charged particles in
the u2per atmos:_here since the late 50's. Early su[>port for this
_roject _;as received from both the Arlq" Signal Corps and the Dallistic
6
Research Laboratory. After the formation of ...._ strong support _Aor
the continuation of this program was received through contract _A.qr-
54 (01).
,. The purpose of this report is to describe the \1ork done on thi_;
project under contract ',_ASr-54(01). The developmental wcrk leading
to the flight payload _Jas described in detail in _n earlier report I.
The payload _as a 13 inch stainless steel sphere carrying the following
, experiments :
i. Two Bayard-Alpert ionization gauges to measure the total
e
density of the atmosphere.
• 2. An omegatron mass spectrometer tuned to molecular nitro-
gen to measure the _2 concentration and temperature.
3. A cylindrical Langmuir probe fcr the measurement of
electron density and temperature, as well as the equili-
brium potential of the sphere.
4. A simple ion trap experiment to study the density and
energy distribution of the ambient ions.
A detailed discussion of these experiments along with the circuit dia-
grams of the supporting electronics was given in the referenced re_ort.
The standazd Aerobee nose cone was modified - as shown in Figure 8 -
to carry the payload under vacuum to a pro-established altitude and then
eject it with a slow spin.
-16-
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T:_c launching of Aerobee IAZA 4.18 took place on :_arch 17, 1962.
Due to the premature closing of a G-reduction s_itch in the rocket
dcspin system , the flo_1 of fuel to the Aerobee motor was terminated
about i0 seconds before nor:_al burnout time. This resulted in a
peak altitude of only about 48 miles. The nose cone opening and
payload ejection took place in the planned manner; however, none of
the experiments could operate in a meaningful manner at these low
altitudes.
Despite the fact that no geophysical data were obtained from
this flight, a great deal was learned from this project; resulting
in the highly successful TP experiments - Coddard Space Flight Center
Contract Jo. i_AS5-9113 - which are, in effect, second generation
"13 inch spheres".
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